The threshold of discrimination of a pure tone probe in the background of a one ERB wide masker composed of inharmonic partials was investigated. The experiment was participated with a large group of 35 listeners. Very consistent results were observed across two independent variables: the number of partials (from three to ve) and their amplitudes being equal or unequal. For all but one of the conditions, the threshold obtained was between 4 and 5 dB. The threshold slightly decreased with increasing number of partials and was slightly lower when their amplitudes were even.
Introduction
Perception of mixed sounds in a realistic environment has not found a proper attention [1] . An example of such an environment is a piece of multi-instrumental music.
Simultaneous masking occurs primarily within the critical band (CB). This type of masking is usually referred to as the energetic masking. In a typical context of music, many sound sources are mixed within one CB and the authors are not aware of any studies on the number of instruments which can be simultaneously perceived. In this work, the authors have chosen an inharmonic tone complex as the masker and a pure tone as the signal for the simplest model to begin with. The justication is the following: in a realistic musical material in low or middle frequencies usually each instrument has only one harmonic in a particular CB.
According to [2] , wideband harmonic complex tones (HCT) with spacing of components closer than one CB were about 10 dB less ecient in masking than inharmonic tone complexes. The authors argued that this was due to regularity in beatings between partials that caused masking release.
The threshold of detection of a stimulus in some conditions may be dierent than the threshold of discrimination of its pitch. For a 1000-Hz tone in noise this was investigated by Cardozo [3] , who found that for ∆f of 16
Hz at the threshold of detectability the pitch was recognized correctly in about 50% of trials and improved to 83% when the level of the tone was increased to 3 dB above the detection threshold. Scheers [4] investigated low-pass ltered vowel sounds, pulse trains, and pure tones and found that for all these signals changes of 5% or more in fundamental frequency F 0 could be well detected * corresponding author; e-mail: kleczkow@agh.edu.pl at signal levels close to masked threshold. However, for smaller changes in F 0 like 1%, the F 0 discrimination required signal level of 510 dB above masked threshold.
This was conrmed in [5] and [6] . It was found in [5] that when the harmonic components are resolvable, their F 0 is discriminated very close to the masked threshold.
Since according to the model proposed above, the inharmonic components within one CB investigated will not be resolvable, some eect of higher F 0 discrimination threshold than the detection threshold may be expected in view of the above works.
The authors have assumed that in the perception of music, F 0 discrimination is more important than the detection threshold.
The assumption is based on more prominent and fundamental nature of the melody and harmony element over the timbre element. Detection itself can aect the timbre, but melody and harmony both require a discrimination. Therefore, the authors have chosen the model proposed in the rst paragraph above, and decided to measure F 0 discrimination and not the detection threshold. The purpose of this research was to nd the threshold of discrimination of the pitch of a pure tone at the background of an inharmonic tone complex, depending on the number of components in that tone, e.g. the density of components.
Stimuli
A set of stimuli consisting of pairs of 3-, 4-and 5-partial inharmonic tone complexes was used as maskers.
In each case partials fell within an equivalent rectangular bandwidth (ERB). Within a pair, both complexes were identical, but to each of them a pure tone (signal, further referred to as a test tone) was added, also falling within the same bandwidth. The tone had a dierent frequency in each complex in a pair. If it was higher in the rst complex, then it was lower by 50 ct (cents) in the second one, and vice versa ( Fig. 1) . Frequencies of partials are presented in Table I . The test tones had frequencies of order to avoid amplitude modulation. There were additional conditions for the partials' frequencies. They had to be harmonics of some (various) musical pitches (in case of 4-and 5-partial complexes, the pitches were from a440-reference system, and in 3-partial complex they were from a443-reference). Finally, there had to be enough space for raising the frequency of the test tone without crossing the frequency of any partial (Fig. 2) . In half of the cases partials had equal amplitudes, in the other half they were varied with a 1.5 dB step in random order (Table II) 
Results
The results are presented in Table III 
without weighting, using the Levenberg-Marquardt algorithm with tolerance of ≈ 0.0001. In (i) the analysis of variance (ANOVA) for correlated samples was used. The correlation was observed in Table III , where data in all rows followed a similar pattern In (ii) the t-test for the dierence in means of correlated samples was used. The rst sample consisted of all percentages of perception in Table III in complexes with equal amplitudes, ordered accordingly (all three respectful rows in Table III) , and the second sample consisted of results for complexes with unequal amplitudes (18 values in each sample). The average dierence (2.027) showed that it was easier to recognize the probe tone in complexes with equal amplitudes. The t-test (d.f. = 17) proved that this result was signicant, at p < 0.025.
Conclusions
The average threshold for the discrimination of pitch of a probe tone with an ERB wide inharmonic tone complex as masker is between 4 and 5 dB. The spread of results between 3, 4 and 5 partials in an inharmonic masker is low. The spread of results between the conditions of equal and unequal amplitudes of partials is also low, indicating good reliability of results.
The discrimination of pitch was investigated rather than the detection of the probe tone, and hence the threshold found can be considered representative for audibility of a musical instrument against the background of a group of other instruments.
A very small but statistically signicant eect of the density of partials was observed. The threshold decreased by 0.5 dB with increase of density from three to ve partials.
The threshold was lower when the amplitudes of the masker were even.
